There is a mismatch between the enthusiasm of policy makers and other actors for initiatives to support the validation of informal learning, and the lack of adoption of systems in practice. This problem is explored, with reference to the creation of the Informal Learning Collector in the European Commission TRAILER project. It is proposed that formality in learning can be usefully understood as a measure of the degree of managerial control over the learning process. It is then argued that the use of managerial tools, such as validation and competence catalogues, runs the danger of constraining the scope for informal learning. Analytics techniques offer the possibility of providing insight into practice by examining documents, without the need for formal description or tagging. However, these methods raise problems of surveillance (by companies and the state), confidentiality, and security of data. A prototype system is described which tests the feasibility of the approach.
INTRODUCTION
Informal learning is an increasingly important element in various fields, thus enhancing informal learning practices in formal contexts (informalisation of formal learning) as somehow recognising the knowledge, competencies and skills acquired informally (formalisation of informal learning). On the one hand, the University is incorporating into their teaching methodologies informal aspects heavily influenced by the philosophy of social collaboration through online platforms. Moreover, in the professional sector, continuous training of employees in the workplace is favoured if the informal learning flows, which undoubtedly occur in the daily life of each worker, as well as interactions among peers and colleagues from other organizations, may be recognised and leveraged. Finally, agencies and policymaker institutions, such as the European Union for example, advocate the recognition of informal learning and classify these processes as one of the major challenges for the immediate future.
As Werquin, formerly Senior Economist, OECD, affirmed in 2008: 'non-formal and informal learning visible seems to be at the forefront of a lot of public policy in the European Union and the OECD countries' [27] .
The European Commission funded TRAILER project [10; 12] had a special emphasis on promoting reflection on the individual's evidences of informal learning, this way every person, through a set of workflows and a tool-based support, could make visible these evidences, tagging them and associating them with a set of competences contained in a established catalogue. When an institution has access to the informal learning evidences of all its employees, the organization is able to make decisions and acknowledge the value of their informal learning activities. Through this process of making visible the informal learning by individuals and institutional recognition, TRAILER creates a bridge for communication and a win-win process between the institution and its staff. This approach, a priori, is easy to convey to the management levels and those that are responsible for the knowledge management, the intellectual capital and human resources of the institutions. However, as evidenced after the pilot TRAILER ecosystem [11] in real situations [25] , this approach, although a frontal rejection of the system is not perceived, nor the importance of informal learning in the professional development of the individual and therefore the strategy corporate knowledge management, a major barrier is observed when introducing such solutions in the day-to-day professional activities. In fact, it shows that using a proposal based on a catalogue of competences makes very difficult the ultimate goal of the process, due to the validation of informal learning becomes an extension of the management processes of the formal educational processes.
Informal learning representation is not an easy issue and it involves several problems. In this paper we reflect on the work carried out on the TRAILER project to fulfil this mission, and consider its successes and failures, and the implications of these results. Finally we propose an alternative approach to the technological support for informal learning. This paper is divided into three main sections. Firstly we set out the problem addressed, by examining the difficulty which has been experienced in achieving widespread adoption of systems for the validation of informal learning, and discussing the case of the TRAILER Informal Learning Collector. We then move on to consider an alternative approach to the management of informal learning, based on the use of analytics techniques and a focus on patterns of attention rather than validation. Finally we describe a system which we have built to test if this approach is feasible, and report on our conclusions.
PROBLEMS WITH THE REPRESENTATION OF INFORMAL LEARNING

The motivation for representing informal learning
The concern that the education offered in formal educational environments is too constrained goes back at least to Dewey's emphasis on experiential learning in the 1930s, for example in Experience and Education [7] . Since around the turn of the millennium, however, there has been a particularly intense concern about the consequences for the professional success of individuals and the economic health of societies which may result from a lack of attention to informal learning. This led to the publication of a number of influential reports on the topic, with ambitious policy objectives. These included The Learning Revolution in the UK [6] , a series of publications from the Organisation for Economic Cooperation and Development, for example Werquin [28] , and the European Commission, whose Council Recommendation of 20th December 2012 declared: "The validation of learning outcomes, namely knowledge, skills and competences acquired through non-formal and informal learning can play an important role in enhancing employability and mobility, as well as increasing motivation for lifelong learning, particularly in the case of the socio-economically disadvantaged or the low-qualified" [24] .
Representing informal learning in the TRAILER project
The authors have been working on the TRAILER project, whose rationale may be stated, as follows. There are many affirmations that the majority of learning is non-formal or informal, for example Cofer [3] , who states that 70% of workplace learning is informal. If this is true, then decisions made in employing and deploying workers may be unreliable, because their true skills cannot be represented to managers. If employees were provided support in reflecting on and represent their informal learning, and were able relate that learning to the needs of employers, then there would be benefits both for both parties. To achieve this methods and technological support were provided, both to validate informal learning, and also to relate the validated learning to other, more formal, learning processes. The project methodology and technology are described in detail in [9] and a summary of project achievements is available in [10; 12] .
Prior to implementation of TRAILER the project carried out a survey. The respondents were drawn from the contacts of the project partners, and so are representative of potential pilot participants, rather than constituting a representative sample of the sector as a whole, see [4] . We note here three points:
• Employees do not experience barriers to their informal learning (of 147 employees 89% considered their informal learning satisfactory or very satisfactory, and 82% assessed that they had enough information and tools to locate materials and resources for learning).
• Most businesses state that informal learning is valuable (62% of the 60 businesses surveyed)
• Even those businesses that value informal learning do not validate it (80% of businesses surveyed carried out no validation).
These results suggest that the project proposal fits well with the realities of business, and the experience of the TRAILER team is that a simple but effective pitch can be made to the management levels and those that are responsible for the knowledge management, the intellectual capital and human resources of the institutions: informal learning is important to employees and your business, so a system is needed to factor this into decision making.
The TRAILER system provides this functionality through an Informal Learning Collector [13] . This presupposes that the user is acting within an environment which contains a number of different tools, such as Wikipedia, YouTube, various games, social networks, forums, etc. When the learner, identifies that they have learnt something in the course of their activities they make use of the Informal Learning Collector to save a reference to the resource which they have made use of, and to tag it with competences selected from a predefined catalogue. A portfolio can be built up from these claims for informal learning, which can be filtered by the learner, and published to an institution. The institution can then make use of this information in its human resources and personnel development functions, and to facilitate dialogue.
After a detailed analysis of trials [25] , some broad results may be summarised here. The usability of the system was problematic, but nevertheless the system was not rejected by users. However, significant difficulties were experienced in promoting the adoption of the approach in day-to-day professional activities. In particular the use of a catalogue of competences was seen to be a major barrier. In summary, our results confirm Werquin's judgement [27] that systems for the recognition of non-formal and informal learning "despite being rather convincing in theory, seem to have trouble taking off and reaching cruising speed". Werquin's response was to encourage a more pragmatic approach, and TRAILER sought to provide this by integrating systems with the applications which already formed part of the users working environment. Nevertheless the problem of adoption persists, and does so despite years of reports, funding and projects. Perhaps the time has come to ask if, despite being rather convincing, our understanding of the idea is in fact flawed.
The identification of informal learning
There are many definitions of informal learning [8] , but one of the most succinct is that proposed by the CEDEFOP, the European Centre for the Development of Education and Training. An OECD report [19] provides a report of these, together with a number of other definitions.
• Formal learning: Planned and intentional learning activities These are coherent and useful distinctions. However, identification of the degree of formality is confused by three factors.
Firstly, the criteria for planning and intention are not always clear.
For example in the Meno [20] , Socrates conducts a virtuoso improvised dialogue in order to lead Meno into a state where he doubts what he knows. This is clearly informal in that it is conducted without planning while sitting under a tree. However is very much formal in its use of logic. In contrast, medieval education was highly formal, with the main activity being the study of set texts. Nevertheless this activity did not have the learning activities, objectives and assessments which we would now expect to see in formal education.
Secondly, formality is associated with modes of expression and presentation (as in 'formal use of language'), which are unrelated to planning.
Thirdly, formality is associated with knowledge. However, possible categories of cognitive activity do not map well onto popular perceptions of formality. For example knowledge of the extensive nested classifications of heavy metal music may well not be perceived as being as formal as knowledge of a set of botanical families.
For these reasons perception of formality is not as clear-cut as might be imagined from the definitions in the literature. It is therefore worth emphasising that for our purposes formality does not distinguish approaches to learning, nor the formal characteristics of the knowledge acquired. We also find it helpful to focus on the degree to which the whole learning process is shaped by management methods rather than on the planning of learning activities. In addition to helping to cut through some aspects of the three confusing factors identified above, a focus on management also makes the topic more amenable to a cybernetic analysis of education, for which [2] offers a possible model.
A PROPOSED APPROACH TO REPRESENTING INFORMAL LEARNING
An alternative perspective on informal learning
We have set out in the previous section that in discussing formal, non-formal, and informal learning we are not making a distinction about types of learning, but rather about the presence or absence of a management process. Seen in this way, the drive to recognise informal learning may be seen from a different perspective. In [14] it was argued the historic role of educational managers has been to determine curricula and the assessment framework, and, to some extent, the materials to be studied. They received back results and reports, but much of the detail of learners and teachers work in the course of the educational process was invisible to them. This was an inevitable consequence of the extremely high variety of learners and teachers interactions, and the limited ability of managers ability to monitor. Technology (in terms of both computing and management methods) has amplified the monitoring capability of managers, and has enabled them to manage processes which were hitherto left to the initiative of teachers and learners.
Technology (in terms of both computing and management methods) has amplified the capability of managers, and has enabled them to manage processes which were hitherto left to the initiative of teachers and learners. This increased capability of educational management has in some quarters generated support for long-standing calls for a more open educational process, which would be situated in the learners particular context and is not constrained by administrative procedures. We can affirm that this was the motivation for at least some of the researchers who worked on TRAILER. From this perspective competence based learning is an attempt to ensure that learning is not an empty administrative process, but rather enables learners to do specific things which are relevant to their personal and professional development. Similarly validation of informal learning ensures that individuals are not only assessed on their formal qualifications, but also given credit for the whole range of learning which they have achieved in their lives. Seen in this way, it appears that any well intentioned person would want to make use of both competence based learning and recognition of informal learning. Unfortunately, despite this seemingly coherent programme, our experience of TRAILER and other projects is that enthusiasm for representing informal learning is lacking.
The attentive reader will have noted that there is an obvious flaw in the motivation we have just offered for competence based learning and recognition of informal learning. Whatever the intentions of their designers may be, competence based systems and systems for the validation of informal learning both inevitably extend the reach of educational management into areas to which it did not previously have access. Any attempt to use these systems to loosen the constraints of administrative procedures, or to focus more strongly on the learners' context is consequently akin to making use of petrol to put out a fire. Like petrol, these systems may have valuable uses, but they do not include fighting the extension of management control of education. This analysis suggests that a high priority in supporting informal learning should be the avoidance of additional management processes.
If our analysis is correct, one is forced to ask why it is not obvious to all concerned. We would suggest two reasons.
Firstly, as argued in [14] educationalists are habituated to contradiction between incompatible explanations of the learning process. Curriculum, learning materials, teacher interventions, assessment regimes, parental influence, and social environment all make competing claims for being the determining factor in learning. Moreover, as Luhmann suggests, the whole project of applying standard educational processes in order to cultivate the individual has at its heart an irresolvable contingency (see [21] for an introduction in English). Within this context a tolerance for the idea that additional formal descriptions can lead to a more open educational process becomes more understandable.
Secondly, the contradiction disappears to the extent that one believes that informal learning has special characteristics which enable it to retain a unique character even after it has been formalised by means of competence structures or validation. While, as stated above, we do not share this belief, it may go some way to explaining continuing enthusiasm for the validation of informal learning.
Relevant technological developments
The validation of informal learning is largely mediated by information technology, as is the case in TRAILER. In deploying this technology we have noted that potential users are pleased that a wider range of their accomplishments will be recognised, and on the other, that it is problematic to ask the individual or institution to classify informal learning with tags and/or competences. It is therefore natural to ask if technology can be used differently, in order to support informal learning in a way which does not increase the reach of educational management. Data analytics presents itself as a candidate technology. If it were possible to simply monitor people's activities and deduce their capabilities from this, then the need to validate items of informal learning might disappear. There are increasing signs that this may be possible.
Wonga, a pay-day loans company makes decisions on whether to offer a loan to a customer with in minutes rather than hours, and does so through an automated analysis of 8000 data points (www.wonga.com). Douglas Merill, Google's former chief information officer and the founder of ZestFinance states the ambition behind this approach to personal finance: "We feel like all data is credit data, we just don't know how to use it yet, … This is the math we all learned at Google. A page was important for what was on it, but also for how good the grammar was, what the type font was, when it was created or edited. Everything" [16] .
In implementing this approach ZestFinance goes beyond Wonga, in that it "takes 70,000 signals, runs them through 10 separate underwriting models, each able to consume hundreds of thousands of variables" [5] .
Data analytics also claims to be able to detect users attitudes. For example, IBM markets its Customer Experience Suite and Predictive Analytics on the basis that "Interactions can occur through a multitude of channels, including discussion boards, call center case notes, telephone conversations, e-mails, blogs and social media like Twitter. Because these types of data are typically in a more candid form (vs. a formal survey, for example), they can reflect more authentically an individual's underlying or unarticulated experiences and, if mined, can reveal a rich source of Attitudinal information" [17] .
Given that financial institutions are willing to make business judgements on such analyses, it seem reasonable to speculate that judgements on personal capabilities could be made using similar methods. Such information could be useful for the learner, in obtaining a perspective on what they may be capable of, on how others see them, and on what areas they could expand into. Management is offered insight into what they can feasibly ask their employees to do.
The prospect of receiving automated feedback on one's own and others' capabilities and dispositions is attractive, but is raises dystopian prospects. Analytics services of this kind are controlled by private organisations with their own agendas. Nor do governments inspire confidence, in the wake of Snowden's revelations about the data privacy [15] . An educator has a duty of care for the people they serve, and so consequently they should be cautious about the data which they hand over to Web data services.
A possible route forward
We have argued that the validation of informal learning meets with resistance, and can be counterproductive, because it constitutes an extension of the reach of formal education management into areas where informal learning previously had the opportunity to flourish without constraint. One of the implications of this is that the use of such systems forces the learner to participate in a game in which their actions are the basis for the decisions of others regarding their suitability for professional life. The users may reasonably decide that they do not wish to participate in such a game. We propose that this problem can be mitigated if the system is changed in order to represent attention rather than achievement. In TRAILER the ambition was to generate validated statements about informal learning which would enable employers to take better informed decisions about who to employ or deploy. Our proposed alternative approach is to assume that employers generally know which of their employees are valuable, and in which general areas, and that they can also recognise capable candidates on the basis of general qualifications and performance at interview. It is, however, much more problematic for managers to predict exactly what they might expect an employee to know about, and which fields are sufficiently close to their current practice to be possible areas for future development. Such information could be generated by systems for informal learning which explicitly do not attempt to validate or assess skills or competence, but rather measure attention to different fields of knowledge and activity, and, optionally, attitude. This would greatly reduce the stakes for participation for employees, but maintain significant benefits for both employees and employers. Such a system could help a nontechnical employer to answer the questions such as: "My employee is developing the corporate website. What techniques are they engaging with in doing this? Are they likely to know about PLONE? What about Java portlets? Or project management?".
TESTING IF THE APPROACH IS FEASIBLE
The functionality of the prototype
In the final stages of the TRAILER project we developed a prototype proof-of-concept personal thematic analysis application which responded to this proposal, building on the open source 'R' statistics application [22] . The work of Leydesdorff and his collaborators, for example [26] , is a rich vein of related work which has provided both inspiration for what can be achieved by automated analysis of texts, and methods which can be applied. In our prototype the user provides inputs for a personal corpus to be analysed, which may be websites which they have visited, or documents they have created (blog posts, reports, emails…). The system carries out thematic analysis on these resources, and returns a set of topics which represent where the users attention is directed. We conceive of the system as a confidential analytics tool, which enables users to make use of the power of analytics without exposing their personal data to the scrutiny of commercial providers. The Web is made use of as a public corpus to identify connections and implications, but the documents in the personal corpus themselves are not transmitted or made public.
In this way the learner can compare the thematic analysis for their own documents, and that for the Web as a whole. For example, if they have submitted a set of documents relating to post-traumatic stress, they can compare the themes which emerge from their work with those which are related to post-traumatic stress in the literature as a whole. This gives the learner material to reflect on about the areas which they might like to expand into, and also provides the employer (if they are given access) an opportunity to understand what an expert in post-traumatic stress might be expected to know about. It is intended that this information will be a basis for discussion, either informally, or as part of a Personal Development Plan.
In the Figure 1 we show how, on the left the system has performed a thematic analysis on the content at a set of web addresses linked to post-traumatic stress disorder, which the user has selected as being relevant to their current activities. On the right the user has searched the Web for similar results and can compare them. The search can be recursive, that is to say the user can choose to take any of the results and perform a new analysis on that term. If users want to further refine the topics, they can select one of the topics already found, either in the topic list generated by the 'R' application, or in the related topics mined from the web as a whole. In Figure 2 , we show how the results can be presented graphically, to facilitate reflection on the differences between the users personal profile and the thematic content of the Web as a whole. 
Development of the prototype
The 'R' statistics language and environment was chosen due to its extensibility, allowing users to include statistical methods developed by members of the community. This gives access to a range of thematic analysis methods that could be dropped in or out of the tool. The prototype served two purposes; firstly it allowed the developers to quickly experiment with different thematic analysis methods. Secondly it made it possible for users of the tool to import the same implementation of a method into their own 'R' based environment if they wanted access to the techniques in a private space. In the context of unified management processes and tools for managing non-formal and informal learning it might appear counter-intuitive to give the option of preventing access to the source data. However, it has the key advantage of offering users the possibility of choosing to whom they expose their documents, and to avoid submitting confidential information documents to third party Web services. The result is a low stakes system as far as employees or students are concerned, capable of providing results which indicate patterns of attention, without providing information which can be used for assessment of achievement.
The input to the prototype for analysis was a personal corpus, which was gathered by creating a portfolio belonging to a particular user, gathered from the TRAILER Informal Learning Collector. This portfolio was comprised of a set of web bookmarks, or URLs and contained links to various types of resources such as static web pages, dynamic web page (on which the content will change over a period of time), as well as other document formats such as Word and PDF documents found on the Internet. The prototype analysed the bookmarks by use of web scraping, in that each bookmarked resource was parsed for text. This produced a personal corpus which is a scraping of text from a list of resources that have been tagged as useful by a user and gives an insight into the attention of the user (to the extent that the user has tagged it as being a document that they have engaged with in the course of their work). The thematic analysis itself was implemented using a method described as probabilistic topic modelling [1] and was used with the Personal Corpus information. The analysis used an implementation of the algorithm as implemented by the Mallet toolkit [18] , to group words together as belonging to the same topic. To further develop the prototype beyond its initial command line interface we looked at ways to visualise the prototype and allow user interaction. In order to realise this we implemented an interactive user interface using the recently developed Shiny R package [23] which allows developers to build rich user interfaces making use of standard HTML and CSS components, while also allowing native R functions to render to the screen, such as charts, graphs and word clouds.
The prototype currently feeds back the topics and a visual representation that shows the frequency in which terms occur in topics using a word cloud, but a wide range of representations could be developed. This well-known visual representation gives users an 'at a glance' view of popular keywords across things in which their attention is directed. The words shown are those identified as topics that the algorithm has identified, and higher the frequency of these topics found in the personal corpus, the more prominently they appear in the word cloud.
Improvements to the prototype
In its first version the prototype took its portfolio of bookmarks from the Informal Learning Collector. This meant that only information which had been captured in that environment could be used as input. This also meant that the prototype could not be made openly available because it contained user specific portfolio information gathered during the course of the project. With this in mind, a second iteration was developed which removed reliance on the Informal Learning Collector and instead used existing bookmarking and tagging software available on the web. The second version of the prototype makes use of the Delicious (https://delicious.com) web service. Users now are able to enter a delicious user account in the Shiny web application, which will in turn interrogate bookmarks and tags located there. There is also scope to add additional service providers for the portfolio data.
Issues and challenges
The visual elements of the tool give an indication of how many times a word is used across topics but not how popular those topics are across the personal corpus. For example a word that does not appear often in the text, but is associated with many topics will be big in the visual representation. The probabilistic slant of topic modelling means that the algorithms often need 'fine tuning' depending on factors such as the length of documents, number of documents. Fine tuning the algorithm is often a case of trial and error, looking at results and changing the inputs manually. While this may be fine for a user running the R environment who has the ability to tweak the settings, it is harder for an organization wanting to use such tools without the need for an underlying understanding of how the tool-sets work. This is one area which could be improved, with the addition of some form of advanced parsing technique which could allow end users to be able to manipulate how and what exactly is included into the Personal Corpus.
Other challenges relate to the fact that data on the Web is often not static. For example users who marked a BBC page as useful received different topics depending on the time that the page was analysed, this was because widgets on the page would display the latest popular news. Obviously, if someone was to use the prototype to examine dynamic content of this type it may or may not yield results which are different from those generated on the date and time when the resource was originally tagged and bookmarked. Additionally, problems also arise when users bookmark content which requires authentication or authorisation to view it, as without the credentials the prototype cannot access it. The ability to easily store a copy of a page, rather than to simply bookmark it, could be investigated in this regard.
CONCLUSIONS AND FURTHER WORK
The purpose of the implementation work reported above was to test if it was feasible to implement an approach to the representation of informal learning which focused on attention, and which leveraged analytics while maintaining confidentiality. The results show that this approach is indeed feasible, and offers a possible alternative to the well-established approach of validating informal learning, often making use of competency structures. This is a worthwhile result, because it indicates a possible route out of the impasse presented by the lack of adoption of systems for representing and validating formal learning. However, the work is at an early stage, and we plan to deepen our work in two directions. Firstly we intend to expand our investigation of what is possible with these techniques, which are rapidly increasing in power. Secondly, we will carry out research to establish if use of the system in practice provides evidence in favour of our critique of established methods of managing informal learning. This work will require a focused programme of research, and work with a substantial number of users, both from industry and higher education (including both students and lecturers).
The prototype confidential analytics tool could be enhanced by including a much more sophisticated web scraping and parsing engine. The aim would be to enhance the parsing of complex content, such as embedded content and aggregated contentwhere the content viewed on screen is in fact a combination of several different component parts from different locations on the web. Additionally it is envisaged that the future tool could be separated out into an engine component detached from any user interface. The engine component would then be able to plug in to a traditional web application, such as the Shiny implementation used in the prototype, but also more interestingly it could be used locally within a desktop application that anyone could download and install. In the present implementation this requires the user to install the whole of the 'R' package. An easy to install desktop version would make it much simpler to combine collection of web content with analysis of private files on a users personal machine, which, as we have discussed above, allows users to leverage the analytical tools while keeping original content to themselves. For the approach which we have adopted it will be essential that users find it not only possible, but easy to establish their own analytics process on their own machine, and that the boundaries between personal and public domains of analysis is entirely clear. This will give users confidence in analysing confidential documents, and avoiding the implication that the user's capability is being tested, rather than their patterns of attention.
